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RESLZTS OF COLD PLUME TESTS OF THE 0.010-SCALE 
MODEL (75-OTS) I N  THE NASA/AMES KESEARCH 

CENTER 11x11-FOOT W I N D  TUNNEL (IA300) 

ABSTRACT 

by 
J . G . R .  C o l l e t t e  

Rockwell I n t e r n a t i o n a l  STS Group 

Tests were conducted i n  t h e  NASA/Ames €!-search Cen te r  11x11-Foot T ranson ic  

Wind Tunnel t o  de te rmine  t h e  e f f e c t s  of gaseous and s o l i d  plumes on t h e  

forebodv p r e s s u r e  d i s t r i b u t i o n s  of  t h e  Space S h u t t l e  I n t e g r a t e d  (Launch) 

Vehicle .  A 0.010-Scale model (75-OTS) of t h e  Space S h u t t l e  w a s  employed 

f o r  t h i s  test .  High-pressure a i r  w a s  rou ted  through t h e  model s u p p o r t  

s t r u t s  and c a l i b r a t e d  nozz le s  t o  s i m u l a t e  t h e  SSME and SRB plumes. The 

SSME and SRB plumes were s e p a r a t e l y  t h r o t t l e a b l e .  

The t es t  w a s  conducted i n  t h r e e  phases .  The f i r s t  phase employed a d u a l  

s t r u t  c o n f i g u r a t i o n  i n  which the  O r b i t e r  was suppor t ed  by a d o r s a l  s t r u t  

l o c a t e d  a t  t h e  v e r t i c a l  t a i l  l o c a t i o n .  T h i s  Conf igu ra t ion  pe rmi t t ed  f r e e  

flow i n  t h e  Orbi te r /ET i n t e r s t a g e  area. 

s imula ted  b u t  were no t  a t t a c h e d  t o  t h e  o r b i t e r .  The second test phase  

u t i l i z e d  a single s t r u t  t h a t  c a r r i e d  a i r  and i n s t r u m e n t a t i o n  f o r  t h e  SRB's, 

ET and O r b i t e r .  A s t r u t  between the  ET and O r b i t e r  c a r r i e d  a i r  t o  t h e  

O r b i t e r .  T h i s  arrangement allowed f r e e  a i r  f low ove r  t h e  upper s u r f a c e  of 

t h e  O r b i t e r .  The t h i r d  phase of t h e  t es t  employed MSFC-designed s o l i d  

plume s i m u l a t i o n s  i n  l i e u  of gaseous plumes. 

The a t t a c h  s t ruc tures  were 
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ABSTRACT (Concluded) 

SRB and SSME power s e t t i n g s  w e r e  determined by matching base  p r e s s u r e s  t o  

STS-1 through 4 f l i g h t  d a t a .  A f t e r  de te rmining  proper  power s e t t i n g s ,  

s u r f a c e  p r e s s u r e  d a t a ,  e levon hinge moment d a t a  and wing l o a d  d a t a  were 

recorded a t  each Mach number between 0 .6  and 1 . 4 ,  a n g l e s  of a t t a c k  from 

-8 t o  +4 degrees  and a n g l e s  of s i d e s l i p  from -4 t o  +4 degrees .  
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INTRODUCTION 

T e s t  IA300 w a s  conducted i n  t h e  NASA/Ames Research Center  11x11-Foot Transonic  

Wind Tunnel t o  determine t h e  e f f e c t s  of  Main Engine (SSME) and S o l i d  Rocket 

Booster  (SRB) exhaus t  plumes on t h e  i n t e g r a t e d  v e h i c l e  forebody s u r f a c e  

p r e s s u r e s  and t h e  e levon h inge  moments and wing l o a d s .  

s i m u l a t e d  w i t h  c o l d  h igh-pressure  a i r  s u p p l i e d  t o  t h e  model through two s t r u t  

c o n f i g u r a t i o n s .  

e n t e r i n g  t h e  bottom of t h e  E x t e r n a l  Tank w i t h  smaller s t r u t s  b r i d g i n g  be- 

tween t h e  ET and O r b i t e r  and between t h e  ET and each SRB. I n  t h e  d u a l  

s t r u t  c o n f i g u r a t i o n ,  a n  a d d i t i o n a l  a i r - c a r r y i n g  s t r u t  e n t e r e d  t h e  O r b i t e r  

i n  p l a c e  of t h e  ve r t i ca l  t a i l .  The s t r u t  between t h e  ET and t h e  O r b i t e r  

w a s  t h u s  e l i m i n a t e d  so t h a t  r ea l i s t i c  f low could b e  s i m u l a t e d  under  t h e  

O r b i t e r .  

The plumes were 

The s i n g l e  s t r u t  arrangement c o n s i s t e d  of a f a i r e d  s t r u t  

Plume power s e t t i n g s  were determined by matching f l i g h t  test  d a t a  from 

STS-1 through STS-4 t o  model b a s e  p r e s s u r e s .  The model was t h e n  r u n  through 

a n  a/$ m a t r i x  a t  t h e  a p p r o p r i a t e  power s e t t i n g s .  The d a t a  were t h e n  used  

t o  expand t h e  d a t a  b a s e  f o r  t h e  IVBC-3 a i r l o a d s  a n a l y s i s .  

S o l i d  plume shapes  were mounted on t h e  b a s e  of  t h e  O r b i t e r  and on each  SRB 

t o  o b t a i n  a d d i t i o n a l  d a t a  on c o r r e l a t i o n  between s o l i d  plumes and gaseous 

plumes. 

The Mach range  t e s t e d  w a s  from 0.6 t o  1 .4 .  The a n g l e  of  a t t a c k  range  v a r i e d  

from -8 degrees  t o  +4 d e g r e e s  a t  s i d e s l i p  a n g l e s  of - 4 ,  0 and +4 d e g r e e s .  

Data c o l l e c t e d  d u r i n g  t h i s  t es t  i n c l u d e  r e a d i n g s  from up t o  373 s u r f a c e  

l o c a t i o n s  and 1 4  i n t e r n a l  l o c a t i o n s  as w e l l  as wing l o a d s  (3-component) and 

e levon h inge  moments. 
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INTRODUCTION (Concluded) 

T h i s  r e p o r t  c o n t a i n s  in fo rma t ion  on t h e  conduct  of t h e  t e s t ,  d e t a i l s  o f  

t h e  model and i n s t r u m e n t a t i o n ,  a l l  c o l l e c t e d  d a t a  and s e l e c t e d  p l o t t e d  

d a t a .  

6 



e NOMENCLATURE 

SYMBOL MXEEIONIC DEFINITION 

a ALPHA Model a n g l e  of a t t a c k ,  deg. 
n L Base Area, f t  AB 

AEEP1-5 AEEP1-5 Average e x t e r n a l  e x i t  p r e s s u r e s  

ATEP1-5 AIEP1-5 Average i n t e r n a l  e x i t  p r e s s u r e  

a m  Dis tance  between bending gauge 
e lec t r ica l  c i n t e r s ,  i n .  

AT Nozzle t h r o a t  a r e a ,  in;- 

b Span, i n .  

Pseudo dimension f o r  o r b i t e r  b a s e  t a p s  

Model a n g l e - o f - s i d e s l i p ,  deg. 

O r b i t e r  a n g l e - o f - s i d e s l i p ,  deg. 

E x t e r n a l  t a n k  a n g l e - o f - s i d e s l i p  , deg. 

B u t t  l i n e  

BASE 

B BETA 

BO BETA0 

BT BETAT 

B.L. 

B% 

BMWo 
BW 

BREF 

C 

CHE I 

CHEO 

CONF 

chE 

‘he0 

CNW cNW 

CP i CP 

cPB 
CPBO 

9 

Wing-root bending moment a t  inboard  
gauge, in - lb  

Wing-root bending moment a t  outboard 
gauge, i n - l b  

Wing bending moment, i n - l b  

Model wing r e f e r e n c e  span ,  i n .  

MAC, i n .  

I n n e r  e levon h i n g e  moment c o e f f i c i e n t  

Outer  e l e v o n  h inge  moment c o e f f i c i e n t  

Model c o n f i g u r a t i o n  d e s i g n a t i o n  

Wing p a n e l  normal f o r c e  c o e f f i c i e n t  

P r e s s u r e  c o e f f i c i e n t  f o r  model s u r f a c e  t a p  i. 

Orbiter b a s e  p r e s s u r e  c o e f f i c i e n t  

E x t e r n a l  t a n k  base  p r e s s u r e  c o e f f i c i e n t  

7 



NOMENCLATURE (Continued)  

SYMBOL MNEMONIC -- 

CPBSL 
cpBsL 

CPBSR 
"BSR 
CBW CPMW 

CPR j 

CRMW 

% 
CTW CTW 

d 

A B  DELB 

*ELI 

DT 

DE 

em 
6 / c  ELEVON 

EPR j 

11 ETA 
s 

EXITPL 

F.S. 

I I,% c 

DEFINITION 

L e f t  SRB base p r e s s u r e  c o e f f i c i e n t  

Right  SRB base  p r e s s u r e  c o e f f i c i e n t  

Wing bending moment c o e f f i c i e n t  

Chamber p r e s s u r e  r a t i o  f o r  n o z z l e  j 

Wing t o r s i o n  c o e f f i c i e n t  

Model c e n t e r l i n e  

Wing t o r s i o n  moment c o e f f i c i e n t  

D i s t a n c e  from Y0=105 t o  e l e c t r i c a l  
a x i s  of  gauge i i 2 ,  in. 

Incrementa l  angle-of -s ides l ip ,Bo - $T 

L e f t  inboard  e levon d e f l e c t i o n  due t o  
l o a d ,  degrees .  

L e f t  ou tboard  e levon d e f l e c t i o n  due t o  
l o a d ,  degrees .  

Nozzle t h r o a t  d iameter  

Nozzle e x i t  d iameter  

D i s t a n c e  from X0=130 t o  gauge #3,  i n .  

Elevon d e f l e c t i o n ,  deg. 

E x i t  p r e s s u r e  r a t i o  f o r  n o z z l e  j 

Spanwise l o c a t i o n  on t h e  model 
component 

Pseudo dimension f o r  SRB e x t e r i o r  caps  

F u l l  scale  

Elevon h inge  moment, i n - l b  

IntcFraZed Vehicle B a s e l i n e  Conf igura t ion  

8 



NOMENCLATURE (Continued)  e 
SYMBOL MNEMONIC 

K 

LHS 

LREF 

M1,2,3 

0 MACH 

SSME NOZ MENOZ 

ME1- 5 

MF'1- 5 

M.S. 

Gl-5 

MPl-5 

MFO 

MFSL 

MFSR 

DEFINITION 

Elevon h inge  moment c o n s t a n t ,  in-lb/mv/v 

Wing ba lance  c o n s t a n t s  ( s e e  Table  V )  

Wing bending d e f l e c t i o n  c o n s t a n t ,  d e g l i n - l b  

Elevon d e f l e c t i o n  c o n s t a n t ,  d e g r e e l i n - l b  

Inboard e levon d e f l e c t i o n  c o n s t a n t ,  deg/ in- lb  

Outboard e levon d e f l e c t i o n  c o n s t a n t ,  deg/ in- lb  

Reference body l e n g t h ,  i n .  

Leading edge 

L e f t  hand SRB 

Model body r e f e r e n c e  l e n g t h ,  i n .  

Wing ba lance  moment o u t p u t s ,  i n - l b  

Frees t ream Mach number 

Main engine  gimbal a n g l e ,  deg. 

Main engine  n o z z l e  d e f l e c t i o n  a n g l e ,  deg. 

E x i t  Mach Number 

Plume Mach number 

Model S c a l e  

O r b i t e r  m a s s  f low 

L e f t  SRB m a s s  f low 

Right  SRB mass f low 

M i l l i v o l t  p e r  v o l t  

Wing p a n e l  normal f o r c e ,  l b  

NOZNO Dimension i n d i c a t i n g  n o z z l e  number of 
SRB taps 
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NOMENCLATURE (Continued) 

6 
ELO 

P C  

PCj 

Pe 

Pe j 

PET 

P i  

PSR 

p t  

Pm 

PSRB 

PSSME 

MNEMONIC DEFIN I ' T I O N  - 

L e f t  inboard  e levon s e t t i n g ,  c o r r e c t e d  
f o r  l o a d  d e f l e c t i o n ,  degrees  

PEL1 

PEL0 L e f t  ou tboard  e l e v o n  s e t t i n g ,  c o r r e c t e d  
f o r  l o a d  d e f l e c t i o n ,  degrees  

IB-ELV Inboard e levon d e f l e c t i o n ,  deg.  

OB-ELV Outboard e levon d e f l e c t i o n ,  deg. 

PHI Model a n g u l a r  c y l i n d r i c a l  c o o r d i n a t e  
p o s i t i o n  around t h e  body,  dep. 

PAVG Average SRB e x t e r n a l  t a p  presscire 

Plenum chamber p r e s s u r e ,  p s i a  

Chamber p r e s s u r e  f o r  n o z z l e  j ,  p s i a  

Nozzle e x i t  p r e s s u r e ,  p s i a  

E x i t  p r e s s u r e  f o r  n o z z l e  j ,  p s i a  

PET E x t e r n a l  t a n k  chamber pressure/Pm 

P r e s s u r e  a t  model s u r f a c e  t a p  i, p s i a  

PSRBR Right  SRB chamber pressure/P,  

PT Freestream t o t a l  p r e s s u r e ,  ps f  

P0,P Frees t ream s t a t i c  p r e s s u r e ,  psf  

PSRB LHSRB chamber pressure/Pm 

PSSME Orb i ter  chamber pressure/Pm 

PLUMEX Plume e x t e n s i o n  l e n g t h ,  i n .  

PMTO SSME nozz le  w a l l  d e f l e c t i o n  a n g l e  

PMTS SRB n o z z l e  w a l l  d e f l e c t i o n  a n g l e  

Q(PSF).Q Frees t ream dynamic p r e s s u r e ,  ps f  

RN/L Uni t  Reynolds number, m i l l i o n  p e r  f t .  

!?A0 Densi ty ,  s l u g s l f t  3 



NOMENCLATURE (Continued) 

HNEMONIC ~- SYMBOL 

RPE1-10 

R1- 5 

R/RT R/RT 

c 

RPBO 

RPBET 

RPBSL 

RPBSR 

S 

SP1-5 

SREF 

SRBGIM, 
SRB GIMB 

SRBNOZ , 
SRB NOZ 

TE 

TET 

TORB 

TSRMR(L) 

TS ,TeJ 

Tt 

T W  

TTR 

TPM1-5 

TAPNO. 

DEFINITION 

In t e rnd e xi t pres sur e / P, 

External tank base pressure instrumentation 
location, in. 

External tank base pressure tap location, 
fraction of tank radius 

Summation 

Orbiter base pressure/P, 

External tank base pressure/P, 

Left SRB base pressure/P, 

Right SRB base pressure/P, 

Surface area, in2 

Similarity parameter 

Model wing reference area, in 

Left hand SRB gimbal angle, deg. 

2 

Left hand SRB nozzle deflection angle, deg. 

Plenum chamber temperature, OR 

Trailing edge 

External tank temperature, OR 

Orbiter temperature, R 

Right SRB temperature, OR (left) 

Freestream static temperature , OR 

0 

0 Total temperature, R 

Individual nozzle wall deflection angles, deg. 
(see subscripts) 

Tap number 

Wing panel torsion moment, in-lb 
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NOMENCLATURE (Continued) 

S-DlBOL 

XT 

ZT 

XN 

Xo,Yo,Zo 

XCPW 

YCPW 

MNEMONIC DEFINITION - 

TVC T h r u s t  Vec.tor Con t ro l  

WPHI D e f l e c t i o n  of R / H  wing pane l  i n  p i t c h  p l a n e  
due t o  t o r s i o n  moment, deg. ( p o s i t i o n  LE up) 

W.L. Water l i n e  

Mass f low rate ,  l b / s e c  

Wing c e n t e r  of p r e s s u r e  l o c a t i o n ,  i n .  

Wing bending moment gauge l o c a t i o n ,  i n .  

Wing r e f e r e n c e  c e n t e r  l o c a t i o n ,  i n .  

X/LB L o n g i t u d i n a l  l o c a t i o n  on o r b i t e r  body s u r f a c e ,  
f r a c t i o n  of body l e n g t h  

x/cv Chordwise l o c a t i o n  on v e r t i c a l  t a i l ,  f r a c t i o n  
of local chord 

x/cw Chordwise l o c a t i o n  on wing s u r f a c e ,  f r a c t i o n  
of l o c a l  chord 

X/CBF Chordwise l o c a t i o n  on body f l a p ,  f r a c t i o n  of 
l o c a l  chord 

X/LT L o n g i t u d i n a l  l o c a t i o n  on e x t e r n a l  t ank  body, 
f r a c t i o n  of body l e n g t h  

XILS L o n g i t u d i n a l  l o c a t i o n  on s o l i d  r o c k e t  b o o s t e r  
s u r f a c e ,  f r a c t i o n  o f  body l e n g t h  

XT Body s t a t i o n  on t h e  e x t e r n a l  tank 

ZT V e r t i c a l  l o c a t i o n  on t h e  e x t e r n a l  tank 

XN L o n g i t u d i n a l  l o c a t i o n  of t a p  on OMS nozz le  

XO,YO,ZO O r b i t e r  body c o o r d i n a t e  s t a t i o n  i n  f u l l  scale 
dimensions,  i n .  

XMRP,yMIIp, Loca t ion  of t h e  moment r e f e r e n c e  p o i n t  i n  
ZMRP t h e  o r b i t e r  c o o r d i n a t e  system, i n .  

XCPW L o n g i t u d i n a l  l o c a t i o n  of t h e  c e n t e r  of p r e s s u r e  
of t h e  wing 

YCPW Lateral l o c a t i o n  of t h e  c e n t e r  of p r e s s u r e  of 
t h e  wing 

1 2  



NOMENC LAT LIRE ( C onc 1 ud e d ) 

MNEMONIC DEF I N  I T  I - ON --.... SYMBOL 

Subs c r i p  t s 

C 

e 

i 

j 

m 

S 

t 

B 

E 

I 

L/H , LH 

o,o,oRB 

P 

RC 

s,sRB 

T ,ET, TANK 

W 

m 

T 

S p e c i f i c  h e a t  r a t i o  (1 .4  f o r  a i r )  

Nozzle w a l l  a n g l e ,  deg 

Prandtl-Meyer a n g l e ,  deg 

Chamber 

Exit  

S u r f a c e  t a p  number 

Nozzle number 1 Center  MPS 
2 L W S  
3 RHMPS 
4 LHSRB 
5 RHSRB 

Model 

S t a t i c  

To t a l  

Base, body 

Elevon 

Inboard 

L e f t  Hand 

Outboard,  ( O r b i t e r )  

Plume 

Reference Center  

S o l i d  Rocket Boos ter  

E x t e r n a l  Tank 

Wing, w a l l  

S t a t i c  f r e e s t r e a m  

Throa t  
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REMARKS 

Because of a s u s p e c t e d  s c a n i v a l v e  mal func t ion ,  r u n s  34 ,  4 0 ,  and 4 1  were 

r e p e a t e d  w i t h  r u n s  4 3 ,  4 4 ,  and 4 5 ,  r e s p e c t i v e l y .  D i f f i c u l t i e s  i n  h o l d i n g  

a c o n s t a n t  Mach number l e d  t o  a r e r u n  of sequences -9 through -12 of r u n  

163  w i t h  sequences -13 through 4 6  of t h e  same run .  The d a t a  from t h e  r e r u n s  

supersede  t h e  ear l ier  measurements. T h i s  i s  r e f l e c t e d  i n  t h e  t a b u l a t e d  d a t a .  

The Mach number (1.05) f o r  runs  403-408 w a s  s e t  by d e f l e c t i n g  t h e  f l e x  

walls of t h e  t u n n e l .  Whether t h i s  i n c o r r e c t  procedure  had any e f f e c t  on 

t h e  d a t a  i s  not  known. 

mode l  at M = 1-05  and 1-10 with power off. These may have affected some 

b a s e  p r e s s u r e  d a t a .  

S tanding  shocks were observed j u s t  a f t  of t h e  

P r i o r  t o  run 6 8 ,  t h e  ET chamber p r e s s u r e  measurements were made w i t h  an 

u n c a l i b r a t e d  t r a n s d u c e r .  A c a l i b r a t e d  i n s t r u m e n t  w a s  i n s t a l l e d  a f t e r  

run 67 and t h e  p r e v i o u s  t r a n s d u c e r  w a s  s e n t  o u t  f o r  a p o s t - t e s t  c a l i b r a t i o n .  

A l l  t h e  earlier measurements w e r e  c o r r e c t e d  a c c o r d i n g l y .  

Tap 76 on t h e  o r b i t e r  base (35-degree acszzles, nominal gimbal a n g l e )  

was plugged i n s i d e  t h e  base p l a t e .  

251, t h e  p r e s s u r e  measurements of  t a p  77 ( a l s o  on t h e  o r b i t e r  base)  were 

s u b s t i t u t e d  f o r  t h o s e  of t a p  76. The t a b u l a t e d  d a t a  have been c o r r e c t e d .  

A t  some p o i n t  between runs  163 and 

A f t e r  r u n  379, a mix-up w a s  uncovered i n  t h e  measurements from t h e  nozz le  

e x i t  p r e s s u r e  t a p s :  

14 



REMARKS (Continued) 

Tap 

a 7  

88 

89 

Was on Should have been 
Channel on Channel 

An i n v e s t i g a t i o n  l e d  t o  t h e  conc lus ion  t h a t  t h i s  c o n d i t i o n  had e x i s t e d  

s i n c e  t h e  beginning  of t h e  test .  The s i t u a t i o n  w a s  c o r r e c t e d  d u r i n g  t h e  

model change a f t e r  run 499 and a l l  t a b u l a t e d  d a t a  have been c o r r e c t e d .  

Some d i f f i c u l t i e s  were encountered  wi th  t h e  thermocopules l o c a t e d  i n  t h e  

f o u r  plenum chambers of t h e  model. The in s t rumen t s  i n  bo th  SRB plenums 

were l o s t  d u r i n g  t h e  p r e t e s t  h igh -p res su re  system t r i a l s .  No a t t e m p t  

w a s  made t o  r e p a i r  them. 

r e g i s t e r i n g  w i t h i n  one o r  two degrees  of t h e  SRB t empera tu res  and were 

cons ide red  s u f f i c i e n t l y  a c c u r a t e  t o  compute t h e  mass f low rates of t h e  

SRB nozz le s .  No o r b i t e r  o r  ET plenum temperature measurements were 

a v a i l a b l e  du r ing  t h e  fo l lowing  runs :  

Earlier ET plenum tempera tu res  had been 

ET O r b i t e r  - 

33-161 163-561 

563-813 

During t h e  f i r s t  major model change i n  p r e p a r a t i o n  f o r  t h e  second phase 

of t h e  test ,  f o u r  s t r a i n  gauges were l o s t :  t h e  lower rear s t r u t ,  t h e  

inboa rd  e l evon  h inge  moment, t h e  wing t o r s i o n ,  and t h e  inboa rd  wing 

bending. Although t h e  l a s t  appeared  t o  have been recovered  f o r  runs  818 

through 878, t h e  inboard  wing bending d a t a  f o r  t h e s e  runs  should  be t r e a t e d  

15 



REMARKS (Concluded) 

w i t h  c a u t i o n .  None of  the o t h e r  t h r e e  gauges was recovered  f o r  t h e  

remainder of t h e  t e s t .  

Elevon d e f l e c t i o n s  were measured whenever a change i n  e l evon  s e t t i n g  w a s  

c a l l e d  f o r  d u r i n g  t h e  t es t .  The r e s u l t s  of t h e s e  measurements are l i s t e d  

i n  Tab le  111. 

Base p r e s s u r e  matching w a s  ob ta ined  f o r  a l l  bu t  t h e  lower p r i o r i t y  c o n d i t i o n s  

of Mach 0.6 and 0.8. However, t h e  d a t a  from t h e s e  Mach numbers can b e  

e x t r a p o l a t e d  from t h e  t e n  p e r c e n t  l o w  v a l u e  t o  t h e  matched c o n d i t i o n .  

The power-on e levon e f f e c t i v e n e s s  t e s t e d  i n d i c a t e d  t h a t  a complete e l evon  

d e f l e c t i o n  series was n o t  r e q u i r e d .  Accord ingly ,  t h e  test  was l i m i t e d  

t o  t h r e e  sets of e l evon  d e f l e c t i o n s .  The resu l t s  of p r e l i m i n a r y  a n a l y s i s  

tend t o  suppor t  t h e  t h e s i s  t h a t  plume e f f e c t s  account  f o r  a s i g n i f i c a n t  

p o r t i o n  of t h e  d i f f e r e n c e s  between f l i g h t  measurements and p r e d i c t e d  

aerodynamic v a l u e s .  
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CONFIGURATIONS INVESTIGATED 

The model t e s t e d  w a s  a 0.010-scale  r e p l i c a  of t h e  Rockwell I n t e r n a t i o n a l  

Space S h u t t l e  launch  c o n f i g u r a t i o n .  

of s i m u l a t i n g  t h e  r o c k e t  plumes genera ted  from t h e  SRB and SSME systems 

by d i r e c t i n g  h igh -p res su re  a i r  through p r e - c a l i b r a t e d  flow-through nozz les .  

The launch c o n f i g u r a t i o n  ( o r b i t e r ,  e x t e r n a l  tank  ( E T ) ,  and s o l i d  rocke t  

b o o s t e r s  (SRB))  i s  d e p i c t e d  i n  F igure  2a. 

The 75-OTS model had t h e  c a p a b i l i t y  

The O r b i t e r  w a s  a b lended  wing-body w i t h  a double  de l ta -wing  planform and 

f u l l  span e levons  w i t h  an  i n t e r p a n e l  gap between t h e  inboard  and outboard 

pane l s .  A s i n g l e  c e n t e r l i n e  v e r t i c a l  t a i l  w i t h  rudder  and /o r  speedbrake 

c a p a b i l i t y  w a s  mounted between t h e  two OMS pods,  and a s i n g l e  body f l a p  

w a s  f i t t e d  on t h e  lower t r a i l i n g  edge of t h e  fuse l age .  The rudderlspeed-  

brake  and body f l a p  were n o t  d e f l e c t a b l e  on t h i s  model. The o r b i t e r  model 

w a s  g e n e r a l l y  i n  accord  w i t h  t h e  VC70-000002 c o n f i g u r a t i o n  c o n t r o l  drawing. 

I n  t h e  dua l  s t r u t  c o n f i g u r a t i o n ,  t h e  v e r t i c a l  t a i l  w a s  r ep laced  by a d o r s a l  

s t r u t  suppor t ing  t h e  o r b i t e r  and housing t h e  instrumentat ion as w e l l  as t h e  

h igh-pressure  a i r  f low passages .  I n  t h e  s i n g l e  s t r u t  c o n f i g u r a t i o n ,  t h e  

o r b i t e r  w a s  suppor ted  from below by a similar s t r u t  which e l i m i n a t e d  t h e  

ET/o rb i t e r  u m b i l i c a l  door s  and cavities.  

The o r b i t e r  was ins t rumented  w i t h  216 s u r f a c e  p r e s s u r e  t a p s  d i s t r i b u t e d  

over t h e  fuse l age ,  wing, v e r t i c a l  tail. ,  and body f l a p .  The r ight-hand 

wing and e levons  were mounted on s t ra in-gauged  beams t o  measure f o r c e s  

and moments. 
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CONFIGURATIONS INVESTIGATED (Continued) 

The E x t e r n a l  Tank w a s  modeled t o  conformuithICD-2-00001/IRN 0078 f o r  

t h e  L igh t  Weight Tank. 

an  og ive  forward s e c t i o n  b l end ing  i n t o  a 40 

nose s p i k e .  The 75-OTS ET w a s  o r i g i n a l l y  modeled t o  t h e  i n n e r  mold 

l i n e  (331" d iameter )  and remained a t  t h i s  d iameter  f o r  tes t  IA300. A l l  

s i g n i f i c a n t  p ro tube rances  and i n t e r s t a g e  hardware of t h e  L i g h t  Weight 

Tank were s imula t ed  excep t  where i n t e r f e r e d  w i t h  by t h e  suppor t  s t r u t s  

c a r r y i n g  t h e  i n s t r u m e n t a t i o n  w i r i n g l t u b i n g ,  and the  h igh -p res su re  flow 

passages .  

The tank had a c y l i n d r i c a l  c r o s s  s e c t i o n  wi th  

0 c o n i c a l  nose wi th  t h e  b i c o n i c  

The S o l i d  Rocket Boos te r s  s imula t ed  t h e  c o n f i g u r a t i o n  de f ined  i n  t h e  

s h u t t l e  c o n f i g u r a t i o n  c o n t r o l  drawing VC-77-000002. 

p e n e t r a t i o n s  were s imula t ed  w i t h  t h e  e x c e p t i o n  of t h e  forward s e p a r a t i o n  

motors and t h e  proposed TVC pod on t h e  a f t  s k i r t .  The gaps between t h e  

SRB's and t h e  ET w e r e  b r idged  by t h e  s t r u t s  which housed t h e  h igh -p res su re  

a i r  flow passages  and i n s t r u m e n t a t i o n  l i n e s .  

P r o t r u s i o n s  and 

The model w a s  des igned ,  f a b r i c a t e d ,  and ins t rumented  by and under t h e  

d i r e c t i o n  o f  t h e  North American A i r c r a f t  Opera t ions  model shop of Rockwell 

I n t e r n a t i o n a l .  The model w a s  f a b r i c a t e d  of ARMCO 17-4 s tee l  s t o c k  w i t h  

t h e  e x c e p t i o n  of t h e  f a s t e n e r s ,  seals and i n s t r u m e n t a t i o n .  

each  element of t he  model w a s  des igned  t o  a s a f e t y  f a c t o r  of 5 based on 

t h e  u l t i m a t e  s t r e n g t h  of t h e  material, o r  3 based on t h e  y i e l d  s t r e n g t h .  

A l l  h igh -p res su re  a i r  chambers and passages  were proof t e s t e d  t o  1 . 5  t i m e s  

t h e  working p r e s s u r e .  

As a minimum, 
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CONFIGURATIONS INVESTIGATED (Continued)  

The  model w a s  suppor ted  by two suppor t  system c o n f i g u r a t i o n s  dur ing  t h e  

t h r e e  phases  of t h e  tes t .  The i n i t i a l  i n s t a l l a t i o n  was on the  d u a l  

s t r u t  c o n f i g u r a t i o n  which al lowed t h e  i n t e r s t a g e  area between t h e  o r b i t e r  

and ET t o  be  s imula t ed  wi thout  i n t e r f e r e n c e .  The s i n g l e  s t r u t  c o n f i g u r a t i o n  

was i n s t a l l e d  i n  o r d e r  t o  measure t h e  p r e s s u r e s  on t h e  upper fuse l age ,  upper  

wing, and v e r t i c a l  t a i l ,  wi th  proper  upper  s u r f a c e  s imula t ion .  

I n  t h e  d u a l  s t r u t  c o n f i g u r a t i o n ,  t h e  ET and SRB's  were suppor ted ,  as i n  

t h e  s i n g l e  s t r u t  c o n f i g u r a t i o n ,  on a s t r u t  e n t e r i n g  t h e  lower s u r f a c e  of  

t h e  ET. 

s t r u t .  

through t h e  l e a d i n g  edge of t h e  same s t r u t  t o  s c a n i v a l v e s  mounted on t h e  

h o r i z o n t a l  suppor t  beam below. 

s t r u t  e n t e r i n g  t h e  upper  f u s e l a g e  s u r f a c e  and r e p l a c i n g  t h e  v e r t i c a l  t a i l .  

The SSME's w e r e  s u p p l i e d  w i t h  h igh-pressure  a i r  through t h i s  d o r s a l  s t r u t .  

The o r b i t e r  i n s t r u m e n t a t i o n  w a s  rou ted  through passages  i n  t h e  l e a d i n g  and 

t r a i l i n g  edges  of t h i s  s t r u t  t o  s c a n i v a l v e s  mounted on t h e  upper h o r i z o n t a l  

suppor t  beam. I n  t h i s  c o n f i g u r a t i o n ,  t h e  Orbi te r IET a t t a c h  hardware and 

s i g n i f i c a n t  p ro tube rances  and c a v i t i e s  i n  t h e  i n t e r s t a g e  r eg ion  were 

s imula t ed .  The a t t a c h  hardware,  however, was non-load bea r ing ,  t e rmina t ing  

i n  a " so f t "  a t tachment  t o  t h e  o r b i t e r .  The d u a l  s t r u t  c o n f i g u r a t i o n  i s  shown 

i n  F igu re  2c. 

The h igh-pressure  a i r  f o r  t h e  SRB'S w a s  s u p p l i e d  through t h i s  

The p r e s s u r e  in s t rumen ta t ion  tub ing  f o r  t h e  ET and SRB's w a s  rou ted  

The o r b i t e r  w a s  then  suppor ted  on a second 

I n  t h e  s i n g l e  s t r u t  suppor t  system, t h e  t o t a l  l aunch  c o n f i g u r a t i o n  w a s  

suppor ted  from t h e  lower s t i n g  and b l ade  s t r u t  assembly which e n t e r e d  t h e  

lower s u r f a c e  o f  t h e  ET. I n  t h i s  c o n f i g u r a t i o n ,  t h e  s t r u t  cont inued through 
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CONFIGURATIONS INVESTIGATED (Continued)  

t h e  ET t o  s u p p o r t  t h e  SRB'S and O r b i t e r  and t o  supply  h igh-pressure  a i r  

t o  t h e  SRM's and SSME'S. 

e lec t r ica l  l e a d s  were r o u t e d  t o  t h e  ET and on down through t h e  l e a d i n g  

and t r a i l i n g  edges of t h e  s t r u t  t o  s c a n i v a l v e s  and a w i r i n g  h a r n e s s  mounted 

i n  t h e  lower h o r i z o n t a l  s u p p o r t  beam. Although t h e  i n t e r s t a g e  s t r u t s  

w e r e  f a i r e d  f o r e  and a f t ,  they  s t i l l  p r e s e n t e d  s i g n i f i c a n t  i n t e r f e r e n c e  

w i t h  t h e  f low f i e l d s  i n  t h e s e  reg ions .  The s i n g l e  s t r u t  i n s t a l l a t i o n  i s  

shown i n  F i g u r e  2b. 

The O r b i t e r  and SRB i n s t r u m e n t a t i o n  t u b i n g  and 

The O r b i t e r  w a s  modeled of  ARMCO 17-4 steel  w i t h  a l l  s i g n i f i c a n t  p e n e t r a t i o n s  

s imula ted .  The a f t  f u s e l a g e  conta ined  t h e  plenum chamber f o r  t h e  SSMJZ 

f low system. For ease of  manufacture ,  t h e  b a s e  of t h e  model w a s  s i m u l a t e d  

w i t h  a f l a t  base  p l a t e  i n c l i n e d  a t  1 3  t o  t h e  v e r t i c a l ,  r a t h e r  than  t h e  

10°/160 a f t  s u r f a c e  on t h e  f u l l - s c a l e  v e h i c l e .  

were provided:  t h r e e  f o r  t h e  gimbal a n g l e s  a s s o c i a t e d  w i t h  t h e  h igh-s imula t ion  

parameter  n o z z l e s ,  t h r e e  f o r  t h e  gimbal a n g l e s  a s s o c i a t e d  w i t h  t h e  lower 

s i m i l a r i t y  parameter  n o z z l e s ,  and one f o r  t h e  s o l i d  plumes. 

0 

A t o t a l  of seven base  p l a t e s  

The r i g h t  wing w a s  made w i t h  t h e  p a n e l  i n t e g r a l  w i t h  a three-component 

s t ra in-gauged  beam t o  allow r o o t  bending moment, r o o t  t o r s i o n  moment and 

p a n e l  normal f o r c e  t o  b e  measured. 

w a s  s e a l e d .  

gap. 

e levons  w i t h  t h e  i n n e r  and o u t e r  p a n e l s  suppor ted  i n  t o r s i o n  by i n d i v i d u a l  

s t ra in-gauged  beams t o  a l l o w  e levon hinge moments t o  be obta ined .  The 

The .015-inch gap t o  t h e  o r b i t e r  f u s e l a g e  

A l a b y r i n t h  seal  minimized f low through t h e  wing i s o l a t i o n  

The r i g h t  wing w a s  provided w i t h  p l a i n  b e a r i n g  hinged d e f l e c t a b l e  
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CONFIGUR4TIONS INVESTIGATED (Continued) 

e levon w a s  made w i t h  a c y l i n d r i c a l  s e c t i o n  lower gap and a c o n i c a l  s e c t i o n  

upper  gap w i t h  c e n t e r l i n e s  on t h e  e levon h inge  l i n e  so t h a t  t h e  e levon 

gap remained c o n s t a n t  w i t h  d e f l e c t i o n .  No a t tempt  w a s  made t o  s i m u l a t e  

t h e  e l e v o n  f l i p p e r  doors .  However, t h e  e levon hinge l i n e  w a s  s e a l e d  

a f t e r  each  d e f l e c t i o n  b r a c k e t  change. The e levon d e f l e c t i o n s  were i n d i v i d -  

u a l l y  set by d i s c r e t e  b r a c k e t s  which a t t a c h e d  t o  t h e  e l e v o n  p a n e l  and t o  

t h e  gauged beam w i t h  a . 0 6 6 - i n c h  sq-Jare p i n  through t h e  b r a c k e t  and t h e  

beam, t h e  a n g l e  of t h e  square  h o l e  i n  t h e  b r a c k e t  de te rmining  t h e  d e f l e c t i o n .  

The ET w a s  c o n s t r u c t e d  of  f o u r  s h e l l - l i k e  p i e c e s  which f i t  around t h e  b l a d e  

s t r u t  and ET plenum chamber. They w e r e  removable w i t h o u t  d i s m a n t l i n g  t h e  

s t r u t  and f low sys tem assembly i n  o r d e r  t o  g a i n  a c c e s s  t o  t h e  t u b i n g  from 

t h e  7 7  p r e s s u r e  t a p s  i n  t h e  ET base  and forebody. 

t u b e r a n c e s  of t h e  Light  Weight Tank Conf igura t ion  were s i m u l a t e d .  The 

s i m u l a t e d  a t t a c h  hardware f o r  t h e  SRBs and t h e  O r b i t e r  were non-load b e a r i n g .  

A l l  s i g n i f i c a n t  pro- 

Each SRB w a s  f a b r i c a t e d  as a c y l i n d r i c a l  body wi th  t h e  s k i r t  and n o z z l e  

a t t a c h e d  t o  t h e  a f t  end of t h e  c y l i n d e r .  High-pressure a i r  from a c e n t r a l  

plenum chamber i n  t h e  E x t e r n a l  Tank, was ducted t o  each s i d e  through i n t e r -  

stage s t r u t s  t o  a s i n g l e  ax ia l  passage  i n  each b o o s t e r ,  and hence t o  t h e  

SRB plenums and nozz les .  

Two sets of  n o z z l e s w e r e p r o v i d e d :  one se t  t o  o b t a i n  h i g h - s i m i l a r i t y  parameter  

v a l u e s  and t h e  o t h e r  f o r  lower v a l u e s .  Gimbal a n g l e s  of z e r o  and two 

d e g r e e s  w e r e  ach ieved  by i n s e r t i n g  c a l i b r a t e d  shims between t h e  n o z z l e  

and t h e  plenum chamber. 
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CONFIGURATIONS INVESTIGATED (Concluded) 

P r e s s u r e  tub ing  from t h e  SRB and nozz le  e x i t  t a p s  w a s  rou ted  a long  t h e  

o u t s i d e  of t h e  b o o s t e r  body under an  a c c e s s  p l a t e  and i n t o  t h e  E x t e r n a l  

Tank under  t h e  f a i r i n g  a t  the  f r o n t  of t h e  i n t e r s t a g e  s t r u t .  Both t h e  

r i g h t  and l e f t  SRB'S had p r e s s u r e  i n s t r u m e n t a t i o n .  

on t h e  SRB body w e r e  s imu la t ed ;  t h e s e  inc luded  t h e  e x t e r n a l  s t i f f e n e r s  on 

t h e  s k i r t ,  a f t  s t i f f e n i n g  r i n g s ,  c a b l e  t u n n e l  f r o n t  a t t a c h  l u g  and cameral  

d a t a  package. 

The small p ro tube rances  

The SSME s o l i d  plume aluminum model c o n s i s t e d  of two s e p a r a t e  c o n f i g u r a t i o n s ,  

e i t h e r  of  which could  be  a t t a c h e d  t o  t h e  base  of t h e  o r b i t e r  a f t e r  t h e  

nozz le s  w e r e  removed. One c o n f i g u r a t i o n  w a s  machined t o  approximate t h e  

shape of a nozz le  plume whi l e  t h e  o t h e r ,  t h e  dunrmy s t i n g ,  r e p r e s e n t e d  a 

c y l i n d r i c a l  body w i t h  a sha l low cone ( 3 ' 3 5 ' )  ex tens ion .  

The SRB s o l i d  plume model c o n s i s t e d  of a c o n i c a l  body wi th  a small d i s c  

a t t a c h e d .  The model was des igned  so  t h a t  t h e  l o n g i t u d i n a l  p o s i t i o n  of 

t h e  cone /d i sc  r e l a t i v e  t o  t h e  SRB base ,  could be v a r i e d .  
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INSTRUMENTATION 

Model-mounted p r e s s u r e  i n s t r u m e n t a t i o n  c o n s i s t e d  of two s c a n i v a l v e  

a s sembl i e s  used t o  measure up t o  373 s u r f a c e  pressures.  One s c a n i v a l v e  

assembly was mounted on t h e  s i d e  of  t h e  lower h o r i z o n t a l  s u p p o r t  beam and 

w a s  used t o  measure p r e s s u r e s  on t h e  ET and SRB'S. The o t h e r  s c a n i v a l v e  

assembly w a s  used t o  measure O r b i t e r  p r e s s u r e s  and w a s  mounted on t h e  

upper h o r i z o n t a l  suppor t  beam f o r  t h e  d u a l  s t r u t  i n s t a l l a t i o n ,  o r  on t h e  

lower beam f o r  t h e  s i n g l e  s t r u t  c o n f i g u r a t i o n .  Su r face  p r e s s u r e  l o c a t i o n s  

are shown i n  F igu res  2d and 2e and are l i s t e d  i n  Tab les  VII. VI11 and I X .  

P r e s s u r e  r ead ings  i n  t h e  4 model plenum chambers and t h e  10 n o z z l e  ex i t  

p r e s s u r e s  were read  on i n d i v i d u a l  t r a n s d u c e r s  mounted i n  t h e  t u n n e l  suppor t  

s t r u t .  

Chromel-Constantan thermocouples.  

Temperature r e a d i n g s  i n  t h e  4 model plenums were made u s i n g  

The r igh t -hand wing of t h e  O r b i t e r  w a s  mounted on a 3-component s t r a i n -  

gauged beam t o  measure s h e a r ,  bending moment and t o r s i o n  abou t  t h e  wing 

r o o t .  The r igh t -hand e l e v o n s  were gauged t o  measure t o r s i o n  about  t h e  

hinge. The two model s u p p o r t  s t r u t s  w e r e  gauged t o  measure d e f l e c t i o n  

so t h a t  t r u e  y a w a n d p i t c h  a n g l e s  of t h e  s e p a r a t e  components could  be 

de te rmined  d u r i n g  t h e  d u a l  s t r u t  i n s t a l l a t i o n .  
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TEST FACILITY DESCRIPTION 

The Ames Research Center Unitary Plan 11 by ll-Foot Transonic Wind 

Tunnel is a closed-circuit, air-medium, variable-density facility 

capable of attaining Mach numbers from 0 . 4  to 1.4 at Reynolds num- 

bers from 1.7 x 106/ft to 9 .4  x 106/ft. 

long, and models are installed on internal strain-gauge balances 

mounted t o  sting-type support systems. 

The test section is 22 feet 

Shadowgraph and Schlieren photographic equipment is available, and 

pressure transducer instrumentation is provided. 

Tunnel operating temperature is 580°R. 

runs are restricted by power availability. 

Extended high Reynolds number 

, 
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1. TEST PROCEDURES 

The test  w a s  conducted i n  t h r e e  phases :  d u a l  s t r u t ,  s i n g l e  s t r u t ,  and 

s o l i d  plumes. 

s o l i d  plume models r e p l a c i n g  t h e  O r b i t e r  and SRB n o z z l e s .  

T h i s  las t  phase employed t h e  s i n g l e  s t r u t  c o n f i g u r a t i o n  w i t h  

Power c a l i b r a t i o n s  were c a r r i e d  o u t  t o  determine t h e  s e t t i n g s  r e q u i r e d  

f o r  b a s e  p r e s s u r e  matching. The plenu-n chamber p r e s s u r e s  were v a r i e d  para-  

m e t r i c a l l y  between 300 and 1800 p s i  and t h e  d a t a  compared w i t h  t h e  r e s u l t i n g  

p r e s s u r e  v a r i a t i o n s  on t h e  O r b i t e r ,  ET,  and SRB b a s e s .  The p r e s s u r e s  achieved 

i n  t h e  plenums as a f u n c t i o n  of t h e  ARC a u x i l i a r y  a i r  system p r e s s u r e  are 

shown i n  Reference 5 .  A l l  c a l i b r a t i o n s  were conducted a t  c o n s t a n t  Mach 

number, a = -4 d e g r e e s ,  $ = 0 degree ,  w i t h  t h e  nozz le  gimbal a n g l e s  a t  t h e i r  

nominal s e t t i n g s ,  and t h e  e levon d e f l e c t i o n s  h e l d  a t  1019 d e g r e e s .  One 

complete  c a l i b r a t i o n  cover ing  e a c h  of  t h e  t e n  tes t  Xach numbers was performed 

f o r  each b a s i c  c o n f i g u r a t i o n .  I n  t h e  f i r s t  one,  t h e  SSME base  p l a t e  w a s  

equipped w i t h  22-degree w a l l  a n g l e  n o z z l e s .  

c a l i b r a t i o n  cover ing  s i x  Mach numbers from 0 .6  t o  1.10 w a s  performed i n  t h e  

dual strut phase, with 35-degree nozzles replacing the 22-degree SSME nozzles. 

An a d d i t i o n a l  a b b r e v i a t e d  

Using t h e  r e q u i r e d  power s e t t i n g s ,  a sweep through a 12-point  a/B m a t r i x  

(a = -8 d e g r e e s  t o  +4 d e g r e e s ,  8 = -4 degrees  t o  +4 degrees)  w a s  performed 

a t  e a c h  Mach number. 

T h i s  procedure  w a s  used f o r  t h r e e  sets of e levon d e f l e c t i o n s :  

1015 d e g r e e s ,  w i t h  t h e  e n g i n e  gimbals  set  a t  "nominal." 

p o i n t  a/B sweep, power-on and power-off, w a s  performed f o r  f i v e  combinat ions 

Each sweep w a s  r e p e a t e d  wi th  t h e  power t u r n e d  o f f .  

1019, 819, and 

An a b b r e v i a t e d  6 

of SSNE and 

T h i s  e n t i r e  

SRB gimbal a n g l e s ,  keeping  t h e  e levon d e f l e c t i o n s  a t  1019 degrees .  

procedure w a s  d u p l i c a t e d  i n  each  of t h e  f i r s t  two phases .  
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TEST PROCEDURES (Concluded) 

In  t h e  t h i r d  phase.  t h e  same 6 p o i n t  a /B  m a t r i x  was t e s t e d  f o r  each of t h e  

two SSME s o l i d  plume models (C1 and C2) , w i t h  t h e  SRB plume model, B 1 ,  

l o c a t e d  a t  t h r e e  f i n i t e  d i s t a n c e s  from t h e  base .  The l a r g e r  SRB model, 

B2 .  coupled t o  t h e  SSME C 2  model was t e s t e d  a t  o n l y  two Mach numbers, v i z . ,  

1.25 and 1.40.  

The s p e c i f i c  combinat ions of run number, Mach number, model c o n f i g u r a t i o n ,  

o r i e n t a t i o n ,  and e levon and engine d e f l e c t i o n s  f o r  each  phase are shown i n  

t h e  Data Set/Run Number C o l l a t i o n  Summary, Table  11. 
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DATA REDUCTION 

The d a t a  r e d u c t i o n  procedures  used d u r i n g  t es t  IA300 invo lved  t h e  ca lcu-  

l a t i o n  of p r e s s u r e  c o e f f i c i e n t s  f o r  s u r f a c e  p r e s s u r e s ,  weighted  base  

p r e s s u r e  c o e f f i c i e n t s  f o r  each component, nozz le  p r e s s u r e  r a t i o s  and v a r i o u s  

n o z z l e  pa rame te r s ,  wing l o a d s  and e levon h inge  moments. The e q u a t i o n s  used 

are l i s t e d  below: 

A 1 1  l o c a l  s t a t i c  p r e s s u r e s  were reduced t o  p r e s s u r e  
c o e f f i c i e n t  form. 

CPi = (Pix144 - Pm)/q 

An area-weighted ave rage  p r e s s u r e  w a s  computed f o r  t h e  
base  of each  of t h e  launch  v e h i c l e s  e l emen t s ,  i . e . ,  
o r b i t e r ,  ET, and SRB 

Wing Ccptcr 

x *  
cpW 

Ai-= area weight for i t h  tap  

$. = base area 

of Pressure w a s  determined by 
m - cw 

'RC % 

Wing Annular Deflection computed as fol lows:  

Due t o  bending, ( e  - 0 )  
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DATA KEDL'CTION (Continued) 

The hi2ge moments f o r  both the  inboard and outboard 
elevons and t h e i r  c o e f f i c i e n t s  were computed: 

+ o f f s e t  (see Table V I )  

% = m E  E m  -. 

Elevon Def l ec t ions  were computed a s  fo i lowu:  

( s e e  Table  V I )  % I - %EI H% I 

mLo = &O %O 

EL, &EI + GEL I 
6 =  

+ AE 
LO 

The 
f o r  
and 

wing s t r a i n  gauge balance da t a  were c o r r e c t e d  
i n t e r a c t  i ons  using the  p r ixa ry  gauge sens i t  i v i  t i e s  
t he  i n t e r a c t i o n  c o e f f i c i e n t s  given by: 

( s e e  Table  V) 
J 

i = I ,  2. 3 

where the  t h r e e  va lues  of n are func t ions  of the  
raw output of the  gailges. 
Using the output  of t he  t h r e e  f l exures  as i ferafed 
( M , , M z ,  and H3) by ARC procedures,  and the t r a n s f e r  d i s t a n & s  
5, d ,  and ea, t h e  wing normal f o r c e ,  bending and to r s io r i  
moments, and t h e i r  c o e f f i c i e n t s  were computed as: 
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UA'IA REDLIC I l O N  (Cont inued)  

The blowing systems were monitored a t  two n o d n a l  
s t a t i o n s ,  upstream of  the  nozzle (chamber p re s su re )  
and a t  the  nozzle e x i t s .  

A c o r r e c t i o n  w a s  a p p l i e d  to t h e  measurements from 
the  t e n  nozzle  i n t e r n a l  e x i t  pressure t aps  t o  allow 
f o r  the  d i s t a n c e  ( A X )  of the tdps from the  e x i t  planes.  

( E t i )  
j meas. 

'e * 'e 

The mass flow r a t e s  were comvuted f o r  each  of  t h e  
five flow-through nozzles .  'The r e s u l t s  f o r  the th ree  
SSHE nozz le s  were sunrmed t o  y i e l d  a t o t a l  f low rate 
f o r  t he  SSME System. 

W - 0.53185 3 l b / s e c  
j 

The value of the  s i m i l a r i t y  parameter (SP) f o r  each 
fl,oy-through nozzle w a s  computed a t  e v e r y  data point 

MP 6P 
j M;*~ Y 

sp  t A 
j 

wbc re r 
L 

b j  =[z Y- 1 

and P .  is the  average s t a t i c  pressure on the  e x t e r n a l  
s u r f a J e  o f  t he  nozzle  j 

Pe is  the  average nozzle ex i t  ( i n t e r n a l )  pressure of 
n o i z l e  j .  
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DATA REDUCTION (Concluded) 

Data Reduction Cons tan ts  

Symbol 

T 53 
% 
% 
bw 

c" 

RC %i 

sE 

Full-scale 

597.6 f t 2  

301 .0  f t 2  

2 3 5 . 0  ft' 

9 3 6 . 6 8  in 

474 .81  in 

1290.3 in 

2690.0 ft2 

1307.0 in 

105.0 in 

210.0 f t 2  

90 .7  in 

Model Scale  

.05976 

.030 i3 

.02350 

9 .3668  

4 .7481 

12 -903 

.2690 

13.07 

1 .OS 

.02 IO 

.907 

Table  X d i s p l a y s  those  d a t a  p o i n t s  which were i d e n t i f i e d  a s  e r roneous ,  

subsequent  t o  t h e  i n i t i a l  tes t  p rocess ing  and d a t a  r e l e a s e .  
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TABLE 1 

TEST CONDITIONS 

BALANCE U T I  L l Z E D  : 3 -  b ~ h ~ ~ ~ ~ +   wan^ Bal-ce o m j y  

COEFFICIENT 
CAPACITY: ACCURACY: TOLERANCE: 

N F  

SF 
A F  

PM 
R M  
YM 

COMMENTS: 
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TABLE I11 

E LEVON DEFLECT ION MEA 5 U REMENT S 
(!A-300) 

LH s 
RUN NOMINAL 

DEFLECT I 3 N S  

15 I s / 9  

2 6  101'9 

58 8 / 9  

10 1 1015 

1 6 3  

2 2 0  

1 C / 9  

8 / 9  

25 1 10/5 

237 l o / ?  

563 1 a / 9  

6 3 6  8 1 9  

6 9  6 13/5 

8 1 8  18/9 

~ E I  

10.1 

10.1  

7 . 8 5  

10.0' 

10.0' 

8.7 

9 . 6  

9 . 6  

1 0 . 8  

8 . 0  

10.4 

9 . 9  

6 €3 

9 . 0  

9 . 0  

9 . 0  

5.0' 

9 . 1  

9 . 1  

5 . 9  

8 . 6  

7 . 6  

7 . 6  

5 . 6  

8 . 9  

RHS 

6e1 EO 

9 . 2  

9 . 7  

7 . 8 5  

10.7 

10.7 

8 -7 

10 .o  
13.0 

10.9 

7.5 

9 . 9  

9 . 9  

9 . 8  

9 . 8  

9 . 8  

5 . 6  

9 . 2  

9 . 2  

5 . 9  

8 . 5  

8 . 8  

8 . 2  

6 . 1  

9 .  I 

-Not  meorurtd. 
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1 
2 
3 

1 
2 
3 

1 
2 
3 

3 c 
@ @  

TABLE IV 

NOZZLE DIMENSIONS 

G I M E A L  e* 
NOM I N A L  2 1  - 7 2  

21.72 
2 1 . 7 2  

N C M I N A L  35 .23  
35.23 
3 5 . 2 3  

2 0  UP 35.23 
35.23 
35.23 

5 O - 9 0 W N  3 5 . 2 3  
3 5 . 2 3  
3 5 . 3 3  

.4075 

. A 0 6 8  
-4068  

.44 1 2  

.44 13 

.u15 

. 4 4 0 9  
- 4 4 3 2  
.4417 

.La11 

.4409.  

.4411 

*E 
. 9 0  6 
. 9 0 7  
. 9 0 7  

. 9 1 6  

. 9 1 6  

. 9  14 

. 9 1 5  

. 9 1 3  

. 9 1 4  

. 9 1 3  

. 9 1 5  

. 9 1 3  

LHS N/A 3 4 . 8 6  

RHS (fhcor.) N/A 35 .0  

,7053 1.4630 

.7052 I . 4 S 6 5  

sw: !doll a n g l e  ( d e g r e e s )  
DT: Throat d i o m e t r r  ( i n c h e s )  

DE: E x i t  diamctor (inches) 
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e 

k i i  

k , 2  

kl s 

k 2  1 

TABLE V 

WING BALANCE CONSTANTS 

(+ 1 ( - 1  

137.70 19 137.9824 IN-LB/MV/V 
( . 0072621)  ( .0072473)  W/V. IN-L9 

0 0 IN-LB/IN-LB 

0 .05459  1 0.021 629 IN-LB/IN-LB 

0 0 IN-LB/IN-LB 

L SLOPE UNITS I 

I 

k 2 2  119.6614 127.1124 
( .G*S83569) ( .0078671)  

k23 -0 .025443 -0.020671 

k 3 l  -0.G33694 0.0670 1 2  

k 3 2  -0. c39939 -0 1 18055 

k 3 3  222.725 223.264 
( .0044898)  ( .0@+4790)  

9 

IN-LB/MV/V 
M V / V ' I N - L B  

IN-LB/IN-LB 

IN-LB/IS-LB 

IN-LB/IN-LB 

IN-LB/MV/V 0 

MV/V*IN-LB 
k 

XI = 1.3070 i n .  om = 0.5236 i n .  

x, = 1.8308 i n .  em = 1.170 i n .  

d = 0.7808 i n .  

NOTE: N U M B E R S  IN P A R E N T H S E S  ARE RECIPROCALS 
: P R I M A R Y  S E N S I T I V I T I E S  
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TABLE V I  

~ 

I Kg 12.78000 2 . 7 7 2 1 8  IN-iS/MV/V 
L I 

ELEVON HlNGE MOMENT AND 
DEFLECTION CONSTANTS 

r 

E L E V O N S  TE U P  T E  DOWN I I N I T S  

H I N G E  M O M E N T S  

I 
i 

T E  UP 1 T E  D O W N  I UNITS 

I N - L B /MV /V i ! ] KI 
1 0.86446 1 0 . 8 7 5 9 2  I 

1 K A E I  1 0 . 7 4 9 2 8  I 0 . 6 8 0 2 9  1 DEC/IN-LB 
I 

- ~~ - 1 K d i o  10 .70645  - 1  0 . 8 2 0 7 9  1 DEC/IN-LB 1 
I 

7 ~ 

1 ~ 1 U N I T S  I b I N C  1 UP LOAD DN. LOAD 
~- _ _ ~ _  

I 0.00044 1 0.00040 1 DEG/IN-LB 
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Ta;.i 
Ns 

I 
2 
3 
4 
5 
6 
7 
8 
9 
IO 
I I  
12 
13 
24 
2 5  
26 
27 
2 8  
29 
3 0  
31 
3 2  
4 3  
4 4  

TABLE V I I .  O r b i t e r  P r e s s u r e  I n s t r u m e n t a t i o n  

a.  Fuse lage  

-- _.-- ..-. 
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Table VII. (Continued) 

b. Wing 
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0 

I 
I 

0 

Table  VII. (Continued) 

b . (Concluded) 

... 



TABLE VII. (Cont inued)  

c .  B s s p  

6 6  



I .  

0 

‘I‘ahle V I I .  ( ( h n t i n u e d )  

d .  Vertical  ‘ ra i l  

67  

e 



t 
43- ‘6“ 

I 
I 

- - - . - @ = = ,  

I 
-- @--4 

04 

68 





'0 

0 

70 



Table V I I I .  External Tank Pressure 
Instrumentation 

a. Barrel 
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T a b l e  VIII. (Concluded) 

b .  Base 0 

0 7 7  V d  

41r3 

1 
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TABLE X 

IA300 Bad P o i n t  Data 

Component I den t i  f i e r  

Orbi t e r  Fusel age AAZ027 + 

AAZ098 
AAZl6O-t 
AAZ263 

AAZ069 

AAZ079 

AAZl69 

AAZl84 
AAZ360 

Body F lap  BAZ069 
( Upper 1 BAZ079 

BAZl59 
BAZl84 
BAZ337 
BAZ339 
BAZ360 

Body F l a p  CAZ027-t ’ 
(Lower) CAZ098 I 

0 

CAZ263 

CAZ069 
CAZ079 
CAZl69 
CAZl84 
CAZ337 
CAZ360 

W i  ng-Upper EAZ069 
Sur face  

EAZ074 

EAZ079 

EAZl69 

B - 

ALL 

0 

0 

0 

0 
0 

0 
0 

-4 
0 
4 
0 
0 

ALL 

0 
0 
0 
0 
4 
0 

0 

4 

0 

0 

c1 - 

ALL 

-8 

0 

4 

-4  
-8  

-8  
0 

-8 
-4 
-4 
4 

-8  

ALL 

-8 
0 
4 

-4  
-4  
-8 

-8 

-8 

0 

4 

Tap Number 

30 

5-16,24-30,47-58 

5-1 6,24-32,4J-58 

5- 1 6 , 24732,47-52,53, 
55-58,60-61,63,65 
5-16,24-29,47-63,65 

62,63,65 

63 

ALL 

ALL 
38 
39 
38 , 39 
22 
22 
ALL 

35 

ALL 
ALL 
ALL 
ALL 
36 
ALL 

205,211,215-217, 
225-227,232,241-244 
249,250,259-266, 
275-279,285-288 
21 7,232,249,265 , 
278,279,287,288 

232,241,242,244,245 
205,211-21 7,225-227 

249,250,259-266, 
275-277,279,285-288 
205,211-217,225-232, 
241 -250,259-262 , 

28 5 - 288 
265,266,275,279 
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Table  X (Continued) 

ComDonent 

Wing-Upper 
Surface 
(Con t ' d )  

Wing-Lower 
Surface 

Iden t i  f i e r  

EAZl84 

EAZ337 
EAZ339 
EAZ360 
EAZ304-t 
EAZ406 

EAZ027+' 
EAZ098 
E A Z l 6 h  
EAZ263 , 

I 
I 

FAZ069 

FAZ074 
FAZ079 

FAZl69 
FAZl84 
FAZ337 

FAZl59 
FAZ264-t 
FAZ406 

FAZ263 

FAZ264-4 1 
FAZ364 

L e f t  OMS Nozzle IAZ069 
IAZ074 
IAZ079 
IAZl69 
IAZl84 
IAZ337 
IAZ339 
IAZ360 

c1 - B 

0 -4 

- 

4 -4 
0 4 
0 -8  

ALL ALL 

ALL ALL 

0 -8  

4 -8 

0 4 
0 -4  
4 -4 

ALL ALL 

ALL ALL 

ALL ALL 
0 -8 

0 -8 
4 -8  
0 0 
0 4 
0 -4 
4 -4  
0 4 
0 -8  

Tap Number 

205,211-21 7,225-227 
231,232,241-250, 
259-266,275-279, 
285- 288 
243 
243 
ALL 
288 

21 6 

210,218-224,233-236, 
239,240,251-258, 
267-274,280-284, 
289- 292 

210,218-224,233-236, 
239,240,251 -258, 
267-274,280-284, 
289-292 

223,239,257,273,284 

ALL 
ALL 
220-223,282,289 

2 58 

252 

282 

ALL 

ALL 
ALL 
93 
ALL 
ALL 
ALL 
ALL 
ALL 
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T a b l e  X (Concluded)  

Component I d e n t i f i e r  

R i g h t  OMS Nozzle JAZ069 
JAZ074 
JAZ079 
JAZl69 
JAZl84 
JAZ337 
JAZ339 
JAZ360 

V e r t i c a l  T a i l  KAz337 

KAZ360 
( L e f t  S ide)  

V e r t i c a l  Ta i  1 LAZ337 
(R igh t  S ide)  LAZ339 

LAZ360 

Ex terna l  Tank MAZ027-t I 
MAZ406 

MAZ406 
MAZ069 
MAZ074 
MAZ079 
MAZl84 

MA Z 360 
L e f t  Hand SRB OAZ069 

OAZ074 

OAZ079 
OAZl69 
O A Z l  a4 
OAZ360 

Right  Hand SRB SAZ069 
SAZ079 
SAZl69 

SAZ360 
sAzi a4 

B 

0 
4 
0 
0 
0 
4 
0 
0 

4 

0 

4 
0 
0 

ALL 

ALL 

0 
4 
0 
0 

- 

0 
0 
4 

0 
0 
0 
0 

ct - 

-8  
-8  
0 
4 

-4 
-4 
4 

-8  

-4  

-8  

-4 
4 

-8  

ALL 

ALL 

-8  
-8  

0 
-4 

-a 
-8 
-8 

0 
4 

-4  
-8 

-8 
0 
4 

-4  
-a 

Tap Number 

ALL 
ALL 
ALL 
ALL 
ALL 
ALL 
ALL 
ALL 

401 -403,406-408, 
41 3-41 5,422-424 
ALL 

ALL 
ALL 
ALL 

1808 

2011,1112,2015 

ALL 
ALL 
ALL 
1311,1312,1411,1511,1606-1608, 
161 1,161 3-161 5,1703,1706, 
1708,171 1,171 3-1 71 5,1806,1808, 
181 1,181 3,181 5,1901 -1 903,1906, 
1908,191 1,191 3,191 5,1919,2001, 
2003,2006,2008,201 1 , 
201 3,201 5,201 9 
ALL 
ALL 
3050,3085,3095, 
31 15,3135 
ALL 
ALL 
ALL 
ALL 

ALL 
ALL 
ALL 
ALL 
ALL 
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Pos i t i v e  
D e f l e c t i o n  of 

Rudder, 6r 

C. Control Surface Deflect ions 
Figure 1. Concluded.  

1 Aero Forces j ! ' i n q e  I and Voments ' Yonent Angle 
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e .  O r b i t e r  Base 

F i g u r e  2 .  (Concluded)  
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a. S ingle  S t r u t  I n s t a l l a t i o n  - f r o n t  qua r t e r  view 

Figure 3.  Model Photographs 
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e. Dual Strut Installation - front quarter view 

Figure 3. (Continued) 
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Appendix 

Tabulated Force Data (Microfiche only Volume 11) 

( S e e  page 58 for Component breakdown) 




